INTRODUCTION
By definition, gallstone disease (GD) refers to the presence of stones in the gallbladder or common bile duct. 1) Most patients with GD are asymptomatic and about 20% of GD patients become symptomatic during a 10-year period of follow-up. 2) GD is frequently incidentally found during medical checkups through simple and relatively cost-effective abdominal ultrasound tests. [3] [4] [5] The prevalence of GD is reported to be 10%-20% in Western countries, and it is generally higher in women.
Older subjects show a higher prevalence, for both sexes. It has been reported that the prevalence of GD reaches about 30% by the age of 70 years. 1, 6) Well-established risk factors of GD are age, sex, and obesity. Moreover, dietary habits, the number of pregnancies, the use of oral contraceptives, alcohol consumption, and smoking have been suggested as modifiable risk factors for GD. In particular, diet and chronic alcohol consumption have been reported as strong factors associated with the development of GD. 7, 8) Jeju Island is the largest island located about 50 miles south from mainland Korea. Its natural environment and climate are different from the mainland. The soil layer in the island mainly contains basalt with high permeability. It is harmful for rice and wheat crops, but appropriate for cultivation of grains, such as millet, Sawa millet, and buckwheat. Jeju Island natives (JNs) mainly harvest and consume the latter crops. In addition, they consume more seafood than meat because of the characteristics of the island itself. Moreover, the proportion of high-risk alcohol drinkers is remarkably higher in the Jeju Island people than the mainland people. 9) We hypothesized that such dietary habits and tendencies of heavy alcohol consumption could strongly affect the development of GD in JNs compared to Jeju Island migrants (JMs) because JNs lived longer on the Jeju Island as opposed to JMs. Thus, the aim of this study was to investigate whether the prevalence of GD diagnosed by ultrasonography differed between JNs and
JMs by evaluation of their medical checkups and analyzing the risk factors for GD.
METHODS

Subjects
A total of 21,184 people visited the Health Promotion Center of Jeju National University Hospital for medical checkups from January 2003
to December 2015. Of these, 421 individuals who underwent gastrectomy or cholecystectomy or who were younger than 20 years of age were excluded. Subjects who underwent two or more medical checkups were considered as subjects irrespective of the total number of medical checkups, and their initial data were collected. Overall, 20,763 subjects were enrolled in the study. This study protocol was approved by the Institutional Review Board of Jeju National University Hospital (IRB approval no., JNUH 2015-12-006). Informed consent was confirmed by the board.
Ultrasound Examination and Diagnosis
Specialized radiologists performed abdominal ultrasound tests on all subjects using high-resolution ultrasound equipment IU22 (Koninklijke Philips Electronics NV, Amsterdam, The Netherlands). The abdominal regions were examined after the subjects had fasted for at least 8 hours. GD was identified based on the presence of echogenic and acoustic shadows and of the echo movement within the gallbladder depending on the position change.
10)
Data Collection and Definitions
The height and weight of the subjects were measured. Venous blood samples were taken after fasting for 8 hours. The age and sex of the subjects were collected from their medical records. Their birthplace was identified using the social registration number in their medical records, and the subjects were divided into JNs and JMs. JNs were defined as individuals with social registration numbers identifying Jeju.
JMs were defined as individuals who had other numbers.
Data relative to the subject's alcohol consumption were collected from the healthcare questionnaire, which was conducted from 2009 to 2015. For men, a high-risk alcohol drinker was defined as a subject consuming 7 or more glasses of alcohol (5 or more glasses in women) and drinking 2 or more times per week irrespective of the glass size.
9)
Fasting blood glucose, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl transferase (g-GTP), total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL cholesterol), and low-density lipoprotein cholesterol (LDL cholesterol) were measured using venous blood samples taken after 8 hours of fasting.
The prevalence of GD was calculated according to sex, study year, and age. The subjects were divided into four groups according to age into <50, 50-59, 60-69, and ≥70 age groups. Body mass index (BMI) was calculated by dividing weight by the square of height, and classify- 
Statistical Analysis
The clinical factors were compared using chi-square tests for categori- 
RESULTS
Sex, Age, and Annual Prevalence of Gallstone Disease
Of the 20,763 subjects, 11,066 (53%) were men and 9,697 (47%) were women. The annual prevalence was lowest in 2003 (3.1%) and highest in 2012 (5.0%) (Figure 1 ), though the difference was not statistically significant (P=0.475).
GD was diagnosed in 821 subjects and the overall prevalence was 4.0%: 4.1% (n=451) for men and 3.8% (n=370) for women. There was no significant difference in the prevalence of GD between both sexes (P=0.178) ( Table 1 ). The prevalence of GD was 2.6% in the <50 age group, 3.7% in the 50-59 age group, 5.6% in the 60-69 age group, and 5.6% in the ≥70 age group ( Figure 2 ). There was a positive correlation between age and the prevalence of GD (r=0067, P<0.001). With regard to age, JMs showed a significantly higher prevalence only in the 60-69-year age group compared to JNs ( Figure 2 ).
Comparison of Clinical Variables between Subjects with and without Gallstone Disease
The subjects were divided into two groups according to the presence or absence of GD. Mean age, BMI, and fasting blood glucose were significantly higher in subjects with GD. The prevalence of GD was significantly higher in JMs (4.4%) than in JNs (3.8%). The mean total cholesterol, LDL cholesterol, and triglyceride levels showed no significant difference between the two groups of subjects, but HDL cholesterol was significantly lower in subjects with GD. The mean AST, ALT, g-GTP,
and ALP were significantly higher in subjects with GD (Table 1) . Values are presented as number (%) or mean±standard deviation. GD, gallstone disease. 
Univariate Analysis of Risk Factors Affecting Gallstone Disease
The factors affecting GD were analyzed ( Table 2 ). The prevalence of GD for age was 2.6% in the <50 age group, 3.7% in the 50-59 age group, 5.6% in the 60-69 age group, and 5.6% in the ≥70 age group. The prevalence significantly increased with age (P<0.001). For birthplace, the prevalence of GD was 3.8% in JNs and 4.4% in JMs, and the difference was statistically significant (P=0.047). The prevalence of GD was significantly associated with BMI (P<0.001) and fasting blood glucose levels (P<0.001).
The prevalence of GD in the Jeju Island people was significantly associated with low HDL cholesterol, but not with the total cholesterol, LDL cholesterol, or triglyceride levels. The prevalence of GD was significantly higher in male subjects with AST >32 IU/L and in female subjects with AST >26 IU/L (P<0.001) and in male subjects with and female subjects with ALT >34 IU/L and >24 IU/L (P<0.001), respectively. The prevalence of GD was significantly higher in subjects with g-GTP >71 IU/L (P=0.026), but differences in ALP were not statistically significant.
Multivariate Analysis of Risk Factors Affecting Gallstone Disease
Binary logistic regression analysis was performed for variables, including age, birthplace, BMI, fasting blood glucose, HDL cholesterol, AST, ALT, and g-GTP, to identify risk factors affecting GD ( Values are presented as number (%) or mean±standard deviation.
Comparison of Clinical Variables between Jeju Island Natives and Migrants
Subjects were divided into two groups (JNs and JMs) according to their birthplace and analyzed to investigate differences between the groups (Table 4) . JNs were significantly older than JMs and showed significantly higher BMI, fasting blood glucose, total cholesterol, LDL cholesterol, AST, ALT, g-GTP, and ALP levels. Interestingly, the triglyceride levels were significantly lower in JNs (P<0.001).
Comparison of Clinical Variables between Jeju Island Natives and Migrants in the 60-69-Year Age Group
Subjects aged 60-69 years were subdivided into two groups (JNs versus JMs) according to their birthplace and analyzed to investigate the differences between the two groups in order to determine why the prevalence of GD in this age group was significantly different ( Table 5 ).
JNs were significantly older and showed significantly higher BMI, LDL cholesterol and lower triglyceride levels than JMs, while fasting blood glucose, total cholesterol, AST, ALT, g-GTP, and ALP levels were comparable.
Comparison of Alcohol Consumption between Jeju Island Natives and Migrants
Of the 20,763 subjects, 4,386 subjects were selected based on data 
DISCUSSION
The prevalence of GD has been reported to range from 10% to 20% in Western adults and is 2 or 3 times higher in women. 1, 6) However, GD has also been reported in 2% to 6% of Eastern populations, with is no statistically significant difference among sexes, with women having a slightly higher incidence than men. The prevalence of GD in this study showed no significant difference between men (4.1%) and women (3.8%), which was consistent with the results of previous studies. [15] [16] [17] The prevalence of GD in mainland people with medical checkups has been reported to be between 2% and 3%, 15, 18) which is relatively lower than that found in our study (4.0%). Western foods with higher caloric content and refined carbohydrates are known risk factors for GD. 19) As many Koreans have consumed Western food (high calories and refined carbohydrates), it is estimated that the prevalence of GD has increased not only in the mainland people but also in the Jeju Island people. We determined whether such changes in Korean eating habits might have affected the prevalence of GD; however, no significant trend was found over this time period. However, it may be considered It has been demonstrated that both cholesterol and pigment stones increase. 15, 16, 18, 20) In our study, the prevalence of GD in the Jeju Island people increased with age. Einarsson et al. 21) reported that the cholesterol saturation of bile increased with age as a consequence of enhanced hepatic secretion of cholesterol and decreased bile acid synthesis. The progressive change in the ratio between bile acid synthesis and cholesterol saturation causes supersaturation of cholesterol. This could explain why the prevalence of GD increases with age. In the present study, age was also a strong and independent risk factor. However, only subjects in their 60s showed significant differences in the prevalence of GD between JNs and JMs. Similarly to other age groups, JNs had significantly higher LDL cholesterol, BMI, were of older age, and had lower triglyceride levels than JMs in this age group. However, the factors associated with alcohol consumption such as AST, ALT, and g-GTP levels were comparable. The percentage of high-risk alcohol drinkers among JNs and JMs in this age group was not significantly different, which was consistent with the laboratory results. Dietary factors such as triglyceride and LDL cholesterol levels, and age might make the prevalence of GD in this age group significantly different. In other words, compared to other age groups, consuming alcohol had less of an impact on the development of GD than age and dietary factors.
Further studies are needed in order to confirm our findings.
Previous studies reported hyperinsulinemia and insulin resistance as risk factors of GD. 22, 23) Our study found that higher fasting blood glu- The reduced intake of carbohydrates in the JNs diet might represent a protective factor.
Scragg et al. 7) documented that the moderate consumption of alcohol (39 g/d) is a protective factor for the development of GD. A moderate consumption of alcohol is associated with a decreased cholesterol saturation index, 28) which is probably due to the enhanced conversion of cholesterol to bile acids. 29) In addition, alcohol consumption is related to increased whole-gut transit time. 30) Gallstone formation is favored by decreased intestinal transit time due to the increased colonic absorption of deoxycholic acid. 2) Our study showed that JNs had a higher percentage of high-risk alcohol drinkers and higher levels of AST, ALT, ALP, and g-GTP relative to chronic alcohol consumption than JMs. These findings can provide strong evidence for chronic alcohol consumption in JNs. Thus, chronic alcohol consumption in JNs might be another protective factor.
The present study has some limitations. First, the birthplace was analyzed instead of the period of residence, which may have provided more information, as we did not survey the subjects directly. However, not collected and analyzed in this study. Fourthly, the subjects could not be analyzed according to the type of gallstone (pigment or cholesterol stones), which was not included in the medical records of the subjects. Finally, if the analysis was performed according to sex, the results may differ from those of the current study because there may be biological differences between males and females. However, we did not analyze the risk factors for GD according to sex because the sex factor was not statistically significant. Even though this study has some limitations, it is meaningful as this is the first study on the incidence of GD in the Jeju Island people, indicating that the prevalence of GD in JNs is low compared to JMs. Further long-term prospective studies are required in order to confirm our results.
In conclusion, the prevalence of GD was significantly lower in JNs than in JMs. Older age, JMs, higher fasting blood glucose and ALT levels, and lower HDL cholesterol levels may affect the prevalence of GD in Jeju Island. The results of this study suggest that JNs may have protective factors against GD, such as a high chronic alcohol consumption and a low carbohydrate intake.
